The present paper describes the direct torque sensor less speed control of induction motor fed by three-level voltage source inverter. Inverter switches control is based on fuzzy logic control.
Introduction
Asynchronous motors particularly induction motors are widely used in variable speed drive systems due to their low cost and construction simplicity. The direct torque control technique (DTC) introduced in 1985 is an attractive approach due to its effectiveness and implementation simplicity as demonstrated by several studies [1] [2] [3] [4] [5] [6] . Therefore, this technique enables the control variables computation (stator flux and electromagnetic torque) from stator current measurements without using mechanical sensor.
In DTC structure, the induction motor fed by voltage source inverter is a hybrid dynamic system in which the continuous part is the induction machine and the discrete part is the voltage source inverter. In this paper, the application of DTC-fuzzy strategy concept is extended to a three-level voltage source inverter feeding asynchronous motor. This extension concerns the generation of voltage vector applied to the machine according to the number of voltage levels generated by the three-level inverter [3, 5, 7, 8] . This new direct torque control approach improves controller switching strategy of flux and torque of induction machine fed by a three-level NPC inverter.
Recently, optimization of DTC algorithms based on two-level inverter was studied in several papers [5, 7] . However, the main motivation of the present paper is to improve ac motors performances using a control approach based on so-called DTC-fuzzy control. Hysteresis blocks of torque and flux as well as the switching table of the conventional system are replaced by a set of fuzzy system. Three-level voltage source inverter (VSI) switching laws are determined by linguistic rules of fuzzy decision table and the speed is controlled by a conventional PI controller.
This control structure reduces torque and flux fluctuations. In this paper, the DTC technique basic principle is explained and recalled [9] [10] [11] [12] [13] , then, the model of three-level voltage inverter is presented. Finally, the DTC-fuzzy control technique is described, system performances are analyzed, and a conclusion is given.
The developed algorithm is validated by computer simulation tests using Matlab-Simulink environment. The obtained results have showed high speed performance, torque and flux reduced fluctuations when the proposed DTC-FLC strategy is employed for the control of three-level voltage source inverter associated with asynchronous machine.
Theoretical development of direct torque control

Electromagnetic torque control
Electromagnetic torque ( is expressed in function of stator and rotor fluxes as
K is a constant depending on machine parameters.
Stator and rotor fluxes can be expressed as follows:
and are stator and rotor fluxes modules respectively at t = 0. and are stator and rotor
Substituting stator and rotor fluxes expressed in Eq.3 in the electromagnetic torque equation
given in Eq.1.
Knowing that the control law desires to maintain the stator flux close to its reference value the following expression is obtained [5] :
When applying ''active'' voltage vector so that, the positions and rotor speeds and stator fluxes are modified as follows:
Where:
= Synchronous speed
The expression above is the stator vector speed variation, similarly the rotor flux can be written as follows:
with:
implementation of active voltage vectors Δφr and Δθr are still zero, and thus:
The torque control depends directly on the stator flux vector rotation control. 
Stator flux vector control
The stator flux modulus evolution law is determined from the differential equation of the stator flux expressed in fixed frame . 
Three-level voltage inverter operation and modeling
The technological progress in induction machines variable speed control has advantaged the Increasing Deceasing use of three-level inverters. As discussed previously, the increase in the number of levels proves to be a better solution for high power drives.
The inverter consists of switching cells usually transistors or GTO for high power. The association of asynchronous machine and three-level NPC voltage source inverter (VSI) controlled by DTC algorithms is presented and studied. The midpoint inverter is the most appropriate because the output voltages and output currents present less harmonic distortion than that obtained with a classical inverter [4] .
The power circuit of three-level inverter called Neutral Point Clamped (NPC) is given in the The mathematical model of this inverter is given by the following matrix:
Each inverter leg has three switching states as illustrated in Table I • ZVV group, zero voltage vector
• MVV group, medium voltage vectors ( , , ,
• LVV group, large voltage vectors ( , , , 
In terms of inverter control, this topology offers the following advantages:
• High number of degrees of freedom compared to two-level inverter,
• Reduced output current ripple,
• Remarkable property of interlocking hexagons, concept of two-level three-phase cell.
Direct torque control with fuzzy logic control (DTC-Fuzzy)
In the conventional direct torque control, the use of torque and flux errors allows to choose directly the switching state without distinguishing between a very large or relatively small error. This error function is the difference between parameter computed from the information provided by the control and the equivalent parameter determined from measurements. The principle of fuzzy logic employing fuzzy concept can be applied to many problems when handling imprecise and indistinct parameters. It will be seen later, the advantage of this mode of analysis from the expertise rules defined by the inputs. The principle of DTC-FLC is illustrated in Fig.6 .
A. Fuzzy logic control development
The speech universe of the first input variable is divided into three fuzzy sets:
• Flux error is positive P The second input is the torque error . Its speech universe is divided into five fuzzy sets:
• Torque error is positive large PL
• Torque error is positive small PS
• Torque error is zero ZE
• Torque error is negative small, NS
• Torque error is negative large, NL Triangular membership functions are chosen for the sets PS, ZE and NS and trapezoidal membership functions for the sets PL and NL, Fig.8 . 
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The third input variable is the flux position in the stator frame. The angle is given by:
Speech universe of this variable is divided into 12 fuzzy sets ( to ) with membership function presented in Fig.9 . Figure 9 . Position membership function.
Decomposing into six sub-outputs representing three-level inverter six switches, the speech universe of each output is divided into two fuzzy sets (zero and one) with its membership functions are chosen by forms of type presented in Fig.10 [10] . 
B. Fuzzy controller structure for three-level inverter
The control rules are expressed in function of input and output variables as follows:
Ri: if is N and is NL and is thus, is zero is zero is zero is zero is one is one. Figure 11 . Fuzzy controller structure for three-level inverter. 
Adaptive estimation of speed with reference model (MRAS)
The estimation principle using this method is based on the comparison of values obtained by two different ways, a computation which does not depend on the speed (reference model) and a computation that depends on speed (adaptive model). This method is developed by Schauder, known as Model Reference Adaptive System (MRAS) [14] . Figure 12 . Estimation of asynchronous machine speed by MRAS technique.
Simulation and results
Simulation tests were conducted using the parameters illustrated in table 4. The results shown in Fig.13 
Conclusion
The present work has showed that the advantages of classical DTC are preserved and enhanced. The speed tracks its reference without static error and also the speed disturbance rejection is very fast. The torque and flux fluctuations are reduced especially when DTC-fuzzy technique is used, resulting in harmonics minimization and less motor problems (overheating, vibration, ageing).
DTC-fuzzy technique associated with three-level voltage inverter has good performance compared to classical DTC with two or three-level inverters (less torque fluctuations).
DTC-Fuzzy technique, presents through its fuzzy sets and inference rules a high precision in the choice of voltage vector (ensuring high switches switching).
